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DISCLAIMERS

The findings in this report are not to be construed as an official Depar‘il
ment of the Army position unless so designated by other authorized
documents,

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorsement
or approval of the use of such commercial hardware or software.

DISPOSITION INSTRUCTIONS

Desiroy this report when no longer needed. Do not return it to the
originator.
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Design Guide for U, S. Army Aircraft was prepared by North American
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C-0044,

(U) Under the contract, Army aircraft survivability design data generated
over the past ten years were compiled and analyzed in the area of aircraft
vulnerability reduction and aircrew protection against small-arms fire,
From this source of information, pertinent design data related to aircraft
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An extensive literature and information search was conducted to identify
military aircraft small arms protection enhancement techniques developed
during the past 10 years. This data was analyzed and used to develop a
comprehensive survivability design guide for incorporation of ballistic
protection features in U.S. Army aircraft. The design guide is structured
for use by aircraft configuration and subsystem design organizations. It
provides guidance for overall survivability design considerations and de-
tailed information on specific enhancement techniques. The greatest
amount of the design guide information is unclassified and is contained in
this document to facilitate its use by individual designers. Special
classified information has been placed in Volume II (USAAMRDL Technical
Report 71-41B) for use by design specialty areas.
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FOREWORD

This document was prepared for the Eustis Directorate, U.S. Army Air
Mobility Research and Development Laboratory, Fort Eustis, Virginia, by the
Los Angeles Division of North American Rockwell Corporation under Con-
tract DAAJ02-70-C-0044 (Task 1F162203A15003). The data contained in this
publication was obtained through an extensive search of related published
documents and other data developed during the past 10 years. Appreciation
is extended to the following military activities for providing information
and guidance required for specific portions of the research effort:

®* U.S. Army Ballistic Research Laboratories

* U.S. Army Humén Engiheering Laboratory

® U.S. Army Combat Developments Command -

* U.S. Ammy Materials and Mechanics Research Center

®* U.S. Ammy Natick Laboratories

®* U.S. Armmy Board for Aviation Accident Research
Acknowledgement is also extended to those aircraft manufacturers who pro-
vided data and information on survivability/vulnerability features of their

aircraft tor use in this publication.

Special credit is due to Mr. Stephen Pociluyko, Eustis Directorate project

engineer, for his diligence and cooperation in the total development of
this guide.
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INTRODUCTION

U.S. Army aircraft have, within the past decade, been required to perform
combat roles where they have been exposed to extremely high concentrations
of enemy ground fire. The intensity and magnitude of those weapon effects
have exceeded the levels envisioned for these aircraft when originally
designed and produced. As a result, loss rates were experienced that have
promoted extensive research and testing to develop effective means of
reducing aircraft vulnerability. The diversity of these efforts, which
have been directed toward many different techniques and concepts to provide
ballistic protection to combat aircraft, has dictated the need for a com-
prehensive document that addresses the specific methods for enhancing air-
craft survivability in their operating environments that can be used by
designers and program managers responsible for development or modification
efforts. This design guide has been developed for that purpose. It con-

tains information on:
* Survivability design factors
* Hostile weapon systems
®* Survivability enhancement techniques
* Related trade-off study factors

In this initial edition, protective techniques against hostile small-arms
weapon are presented. This includes those visually aimed guns available to
forces hostile to the United States, up to and including 14.5 mm projectile
sizes. They are the predominant threat to U.S. Army aircraft and, as such,
have been given first priority for the design guide. They 1nc1ude ball and
armor-piercing type ammunition with and without incendiary and/or tracer
features.

Rotary-wing aircraft (helicopter) design features have been emphasized
since they represent the greatest portion of the U.S. Amy aircraft inven-
tory and have been the most exposed to combat environments. The importance
of evaluating the trade-off factors associated with each candidate protec-
tion technique has been stressed to insure that effective and realistic
priorities are established for specific aircraft design configurations.
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This guide has been structured to pemmit the incorporation of information
and design guidance for protection against more potent and sophisticated
weapon systems that Ammy aircraft may be called upon to face in the future.
These include the larger size antiaircraft artillery and surface-to-air
missile systems that employ high exnlosive-fragmenting warheads with
varied fuzing capabilities and radar or 1nfrared (IR) acquisition, aiming,
and/or terminal guidance features.

o



CHAPTER 1

ATRCRAFT SURVIVABILITY DESTGN FACTORS

1.1 TINTRODUCTION

1.1.1 PURPOSE

This design guide has been developed to provide aircraft designers and
program managers with the most current information and guidance for passive
ballistic protection of U. S. Army aircraft against hostile small-arms
weapons. Such protection must be incorporated as part of the initial
design of new aircraft to obtain the most effective combination of surviva-
bility enhancement features. Experience has shown that only limited pro-
tection can be retrofitted intd an existing aircraft, and at significant
weight, performance, and cost penalties. This has occurred where specific
military aircraft have, of necessity, been employed in combat situations
for which they were not originally designed and were exposed to intensive
small-ams fire. The design did not include specific ballistic protec-
tion and, as a consequence, suffered high loss rates. New Army aircraft
specifications do contain such requirements. The information in this
design guide is structured for use in both initial design and retrofit
efforts. Rotary-wing aircraft have been emphasized since they constitute
the greatest portion of the U.S. Army aircraft inventory and are exposed to
‘the highest concentration of enemy small-arms fire in the performance of
their combat missions.

Special care has been taken to present the maximum amount of design infor-
mation in an unclassified document to facilitate its availability and use
by designers. Volume II is provided that contains essential classified
information up to the level of Confidential. References are provided for
sources of pertinent or related information that may be needed by the
designer.

1.1.2 USE OF DESIGN GUIDE

This guide has been arranged to provide both general configuration and
specific design information. It is presented in five chapters, each con-
taining a category of surViVability/vulnerability information. The bhasic
elements contained in each chapter are:

®* Chapter 1. Aircraft Survivability Design Factors

Specific definitions

. eqs N\
\Vulnerability assessments
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* Chapter 2. Ballistic Threat Characteristics

Hostile small-arms systems
Projectile types
Ballistic data

* Chapter 3. GCeneral Protection Techniques

Minimized detection
Redundancy/separation
Isolation

Damage tolerance/resistance
Leakage suppression/control
Fire/explosion suppression
Fail-safe response

Material selection t

Masking/ Armor

Chapter 4. Specific Design Protection Techniques

General configuration
Structures '
Personnel stations
Fuel systems
Propulsion systems
Transmissions
Environmental control systems
Flight control systems

- Fluid power systems
Armament systems
Electrical power/avionics systems
Landing systems

* Chapter 5. Trade-off Study Factors

Critical subsystems/components identification
Vulnerability and survivability assessment
System cost effectiveness analysis
Effectiveness factots determination

Design management direction

Each chapter has been sequenced to present information in the order of use
to acquaint the reader with the subject of survivability and vulnerability.
General information on aircraft surwval is given first, then areas of
specific interest, and then the effect of survivability features for the
overall system.



1.2 DEFINITION OF SURVTVABILITY/VULNERABILITY TERMS

Precise definition of survivability/vulnerability terms in relation to
U.S. Army aircraft is essential to a fully coordinated design effort. The
following definitions have been established for use in this design guide
and are to be used as the criteria for conventional weapon survivability
enhancement efforts. For questions or additional clarification of these
terms, or the establishment of new term definitions, consult the U.S. Army
Ballistic Research Laboratories, Aberdeen Proving Grounds, Maryland.

1.2.1 SURVIVABILITY
Aircraft survivability is defined as:

""That measure of an alrcraft s capability to continue to function after
being hit by hostile weapon systems. This includes those design and
performance features that enable an aircraft, by avoidance or
suppression techniques, to degrade a hostile force's ability to use its
weapons effectively."

-

The term "'survivability'' may be applied to a specific encounter with a
hostile weapon system as well as to an overall combat mission. It is
usually expressed as a probability of survival (Pg), on a scale of zero to
one.

Frequently, the terms ''survivability' and '"vulnerability' have been used
interchangeably, but they are not synonymous. The probability of an air-
craft's survivability (Pg) in combat is dependent primarily on three
factors; specifically, probability of detection (Pp), probability of a hit
(Py), and the probability of a kill given a hit (PK/H).

Each of these factors is important, and each should be considered, regard-
less of the enemy weapons employed. An increase in survivability is gained
by a reduction in the probability of being detected, being hit, or being
killed. The probability of being detected is influenced by terrain,
weather, speed, altitude, radar reflectivity, noise, etc. The probability
of being hit when detected is influenced by altitude, speed, size of air-
craft, etc. Many of these influencing factors (for example, altitude,
speed, and size of aircraft) are dictated by the mission of the aircraft
and cannot be altered significantly. However, a factor which is just as
important as or perhaps even more important than any of these in terms of
combat survival is the ability of the aircraft to w1thstand the effects of

hits from enemy gunfire. \




